Purpose: Cartilage that is uncovered by menisci usually bears the body weight in intact knee. However it has been suggested that structural change of the knee due to meniscectomy leads to alternation of contact regions. The mechanical properties of cartilage and subchondral bone may vary according to the regions covered and uncovered by menisci and the covered regions by menisci may be more susceptible to extreme mechanical stress after meniscectomy. However few studies have focused on the difference of mechanical property of cartilage and subchondral bone architecture between the regions covered and uncovered by menisci. The purpose of this study is to investigate the mechanical and histological properties of cartilage and subchondral bone architecture that may differ between the covered and uncovered regions. Methods: Articular cartilage was obtained from the 5 porcine knees. After the knee joints were opened, osteochondral plugs (full-depth thickness 2mm) were obtained from tibial cartilage which were covered and uncovered region by menisci. Only sites with a macroscopically normal articular cartilage were included in this study. From one plugs of each regions, cartilage thickness was determined as the average of four sides of plugs. After that, unconfined compression was applied using a mechanical testing instrument (Autograph AG-X, Shimazu, Japan). Each sample was compressed uniaxially in a testing chamber filled with PBS at room temperature. After surface contact, a pre-load of 0.01N was applied and allowed to equilibrate for 10 minutes. Then, loading was applied at a strain rate of 0.001mm/s up to 20% strain and hold for 30 minutes. Three features were extracted from these curves: the Young's modulus, the peak stress, the relaxation time which was defined as the time for force to decrease to 37% of peak stress. As to the another plugs of each area, a high-resolution micro-CT scanner (SMX-100CT, Shimazu, Japan) was used to determine structural parameters of the subchondral bone of the medial and lateral tibial plateau under the covered region and uncovered region. The measurement regions were 200mm in height in columnar region located 1mm beneath the osteochondral junction. All structural analyses were based on the 3D image data sets using software (Amira5.4, Visage, Germany). Bone volume ratio (BT/TV) and trabecular thickness (Tb.Th) were calculated based on the 3D data. After that the 6mm thick sections were made and collagen amount was observed by integral calculus of Amide-I area using Fourier-transform infrared imaging (IRT-5000, FT/IR-4100, JASCO, Japan). Further, the sections were stained with SafraninO-Fast green staining to assess glycosaminoglycan (GAG) content, Hematoxylin-Eosin for morphological measurement and Picrosirius red for collagen orientation measurement by using polarizing microscope. Results: The average cartilage thickness of each area was significantly larger in medial and lateral uncovered regions (P < 0.05). Both Young's modulus and peak stress were significantly greater in medial and lateral covered regions (P < 0.05), while relaxation time for force to decrease to 37% was shorter in medial and lateral covered regions (P < 0.05). The subchondral trabecular showed BV/TV and Tb. Th were significantly larger in uncovered regions (P < 0.05). The integral calculus of Amide-I area was significantly higher in uncovered regions. Safranin O staining revealed that much proteoglycan was confirmed in medial and lateral uncovered regions. Picrosirius red staining revealed that superficial zone and middle zone showed brightly in uncovered regions, while deep zone showed brightly in covered regions. Conclusions: Our results revealed a difference of the mechanical properties and structures of articular cartilage and subchondral bone between the regions covered and uncovered by menisci.
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